| INTRODUCTION
Lung cancer is one of the most common cancers globally, with the highest mortality in both men and women. Of all lung cancer, non-small cell lung cancer (NSCLC) accounts for over 80% of cases, the majority of which include adenocarcinoma, squamous cell carcinoma, and large cell carcinoma. The prognosis for NSCLC patients still remains dire, with a low overall 5-year survival rate of 15% and a high recurrence rate, despite the recent improvements in early diagnosis and clinical treatment strategies. [1, 2] Both the prevalence and severity of this disease make the need to elucidate the potential mechanism for the initiation and progression of NSCLC, which is of the utmost importance and urgency. To meet this need, future directives are aimed at not only deepening our understanding of the mechanisms involved in the tumorigenesis of NSCLC, but also prognosticating on potential therapeutic targets.
In recent years, many groups have published data proving the close relationship between small non-coding RNAs, such as miRNAs, piRNAs, and circRNAs, to a variety of cancers. [3] [4] [5] The class of small RNAs, tRNA-derived RNA Yang Shao and Qiangling Sun contributed equally to this work.
fragments (tRFs), are non-coding single-stranded RNAs 14-35 nt in length that always derive from the 5' end or 3' end of tRNA in the particular environment. [6] The length and the generation of tRFs are very similar to those of miRNAs. However, unlike miRNAs or piRNAs, the biological function of tRFs is still unknown. Some studies have shown that, in biological processes, the function of 5' tRFs might extend much farther than that of 3' tRFs. [7, 8] In addition, it has been found that tRFs suppress breast cancer progression via YBX1 displacement. [9] tRFs have also been shown to mediate stress responses, which can inhibit protein synthesis. [10] Furthermore, some tRFs can affect some cellular functions through Argonaute engagement, such as cell proliferation and RNA silencing. [11] [12] [13] In this study, we focused on investigating whether or not tRFs could play an important role in the progression of NSCLC. Based on next-generation sequencing, we identified a group of tRFs that were upregulated or downregulated in NSCLC. We arrived at the sequence of tRF-Leu-CAG using qRT-PCR, and were able to verify it as a tumor driver in NSCLC. In summary, we demonstrated that, in cancer progression, tRFs could play roles analogous to those of some specific microRNAs.
| MATERIALS AND METHODS

| Next-generation sequencing
In this paper, we analyzed 30 pairs of samples that were collected from the NCBI SRA database (http://www.ncbi.nlm. nih.gov/sra/). The Novel Bioinformatics Company accomplished the next-generation small RNA (smRNA) sequencing, and the RNA-Seq data focused on alignment of all kinds of tRNAs.
| Cell culture
The human bronchial epithelial cell line 16HBE and the human NSCLC cell lines A549, H1650, PC- 
| Tissue and serum samples
The tissue and serum samples were obtained from Shanghai Chest Hospital, and the ethical approval was granted by ethics committee of Shanghai Chest Hospital. All the details of tissue samples used in this paper were listed in Table S1 .
| Transfection
H1299 cells were transiently transfected with 200 nm of negative control inhibitor (NCi) and tRF-Leu-CAG inhibitor (tRFi) (RIBOBIO, Guangzhou, China) using Invitrogen™ Lipofectamine 3000 (Life Technologies, New York, USA), according to the manufacturer's recommendations. Cells were taken 24-48 hr post-transfection for subsequent experimentation, which included assays for proliferation and cell cycle analysis.
| RNA isolation, reverse transcription, and quantitative real-time PCR (qRT-PCR)
Total RNA was isolated using Trizol Reagent (Sangon Biotech, Shanghai, China) and cDNA synthesis was performed with the Mir-X™ miRNA First-Strand Synthesis Kit (Clontech, California, USA), both according to the manufacturer's instructions. For the miRNA analyses, qRT-PCR assays were performed using SYBR GreenII (Takara Biotech, Otsu, Japan) and a CFX96™ Real-time System (Bio-Rad, California, USA), according to manufacturer's protocol. Data for relative quantification of tRF-Leu-CAG was obtained by normalization to U6 expression levels. The expression levels of mRNAs and miRNAs were determined using the 2 −ΔΔCt method for relative quantification of gene expression. ΔCt and ΔΔCt were calculated using the following formulae: ΔCt = Ct tRF-Leu-CAG − Ct U6 and ΔΔCt = ΔCt case − ΔCt control . All the primers used in this paper were listed in Table S2 . (Corning Incorporated, New York, USA) and incubated at 37°C in 5% CO2. After 24, 48, and 72 hr of culture, 8 μl of CCK-8 solution was added to each well with 100 μl serumfree medium and incubated for 2 hr. The absorbance was then measured at 450 nm by a multifunction enzyme-linked analyzer, FLx8 (BioTek, Vermont, USA). Each data point was measured from three replicate wells.
| Cell proliferation analysis
| Cell cycle analysis
Cell cycle distribution was assessed by propidium iodide (PI) staining. Treated cells (1 × 10 5 cells) were harvested and fixed with 70% ethanol at −20°C overnight. Cells were then washed with PBS twice and resuspended in 250 μl of RNAse A buffer (100 ng/ml) at room temperature for 30 min. After this step, a 2× solution of PI (100 ng/ml) was added to the mixture, which was then incubated for 15 min in the dark, followed by filtration with a 220-μm mesh filter membrane.
Results were determined by analysis on the MoFlo XDP flow cytometer sorting system (Beckman Coulter, Inc., Brea, USA).
| Western blot analysis
Total protein was extracted using RIPA lysis buffer (CWBIO, Beijing, China) and quantified by Bradford assay, as previously described. [15] Equal amounts of protein from each sample were subjected to SDS-PAGE and transferred to a polyvinylidene fluoride (PVDF) membrane (Millipore Corporation, Billerica, USA). The membrane was then soaked in Tris-buffered saline with Tween-20 (TBST, 150 mm NaCl, 20 mm Tris-HCl pH 8.0, 0.05% Tween-20) containing 5% bovine serum albumin (BSA) for 1 hr at room temperature, followed by gentle shaking and subsequent incubation with specific antibody against target proteins or β-actin (1:1,000, Cell Signaling Technology, Danvers, USA) at 4°C overnight. Afterward, the membrane was washed and incubated with a horseradish peroxidase (HRP)-conjugated secondary antibody (1:10,000, Signalway Antibody, Nanjing, China) for 1 hr at room temperature. Protein bands were detected using a chemiluminescent HRP substrate (Millipore Corporation, Billerica, USA) and analyzed by Gelcap software (Tanon, China). AURKA was normalized to β-actin and expressed as a percentage of the control. 
| RESULTS
| Expression of tRFs differs between tumor tissues and non-tumor tissues
To date, no present studies have published the sequences of tRF-Leu-CAG. We collected the data of 30 pairs of NSCLC cases from the NCBI SRA database, and subjected them to next-generation RNA sequencing (RNA-Seq). According to the RNA-Seq data, we found that the tRFs ranged in length, from 18 to 24 nt, in both the tumor and non-tumor tissues (Figure 1a) . We then listed 27 types of tRNAs that were most upregulated in the tumor tissues (Fold change >1.3, p < .05; Table 1 ) and 25 types of tRNAs that were most downregulated in the tumor tissues (Fold change <0.7, p < .05; Table 2 ). Among the 27 types of high-expressing tRNAs, we found that tRNAs-Leu and tRNAs-Val were most prevalent, comprising of 37% and 26% respectively (Figure 1b) . Based on the tRNA reads, we chose tRNA-Leu-CAG1 and tRNA-Leu-CAG2 as research subjects. Upon further study we found that the reads of tRNA-Leu-CAG1 (Figure 1c ) and tRNA-Leu-CAG2 (Figure 1d ) were upregulated in these 30 pairs of NSCLC tissues when compared with corresponding non-tumor lung tissues.
| tRF-Leu-CAG is a type of tRNA halves
Prior to this study, we had no knowledge of the sequence of tRF-Leu-CAG. To get the sequence of tRF-Leu-CAG, we first established a cDNA library of smRNAs using the 
SYBR
® PrimeScript™miRNA RT-PCR Kit (Takara). We then used qRT-PCR to examine the expression of tRF-Leu-CAG with the following primers; the upstream primer was GTCAGGATGGCCGAGCGGTCTAAGGCGC, the downstream primer was a universal primer. We detected the product of the qRT-PCR with agarose gel electrophoresis, and the results showed a single electrophoresis band about 100 bp in size (Figure 2a ). Based on DNA sequencing, the fragment was 34 nt long and the cleavage site was located on the anticodon loop. Because the sequences of tRNA-Leu-CAG1 and tRNA-Leu-CAG2 were nearly identical, with only one nucleotide difference at the 3' end (Figure 2b, c) , we thought that tRF-Leu-CAG might be a degradation product from tRNALeu-CAG1 and tRNA-Leu-CAG2, which are types of tRNA halves.
| tRF-Leu-CAG is strongly expressed in NSCLC
To discuss the role of tRF-Leu-CAG in lung carcinogenesis, we first sought to detect the expression level of tRFLeu-CAG in 60 NSCLC patient cases. The data we had obtained revealed that, when compared with corresponding non-tumor lung tissues, tRF-Leu-CAG was upregulated in 51 cases (85%) (Figure 3a) . We also examined the expression of tRF-Leu-CAG in NSCLC cell lines, and found that tRF-Leu-CAG was significantly upregulated in SPCA-1 (p < .01), 95-D, H1650, A549, H1299, PC-9, and H23 cells (p < .001), as compared with 16HBE control cells (Figure 3b ). These results suggested an associated between the reduction in tRFLeu-CAG expression and NSCLC carcinogenesis. Based on this finding, we chose the H1299 cell line to test the effects of tRF-Leu-CAG on cell proliferation and cell cycle.
| tRF-Leu-CAG is upregulated in sera of advanced NSCLC stages
To discuss whether or not tRF-Leu-CAG could serve as a diagnostic marker for identification of NSCLC, we detected the expression level of tRF-Leu-CAG in sera from 167 cases, including 34 (Figure 3c ). According to the analysis of ROC curve, the AUC of stage IV cases is 0.7 (Figure 3d ), so we demonstrated that tRF-Leu-CAG could function as diagnostic marker in NSCLC stage IV cases.
| tRF-Leu-CAG promotes cell proliferation and cell cycle progression in NSCLC
To investigate the effect of tRF-Leu-CAG on cell proliferation in NSCLC, H1299 cells were transfected with tRF-Leu-CAG inhibitor, and the results validated that transfection with the tRF-Leu-CAG inhibitor did decrease the level of tRF-Leu-CAG in H1299 cells (Figure 4a ). Proliferation of NSCLC cells was assessed with CCK-8 assays (Figure 4b ). Our results showed that, following transfection with tRF-Leu-CAG inhibitor, the cellular proliferation of H1299 cells declined gradually. After 72 hr of treatment with tRF-Leu-CAG inhibitor, we observed a significant decrease in NSCLC cell growth, when compared with the negative control (NC). Additionally, 48 hr after transfection with tRF-Leu-CAG inhibitor, the proportion of cells at G0/G1 phase increased more than 7% and more than 10% over the control, respectively (Figure 4c ). These results demonstrated that tRF-Leu-CAG could promote the proliferation of NSCLC cells and cause G0/G1 cell cycle progression.
| The inhibition of tRF-Leu-CAG can downregulate AURKA in H1299 cells
Based on the observed effects tRF-Leu-CAG inhibitor had on tRF-Leu-CAG, we postulated that tRF-Leu-CAG might be involved in several signal pathways through acting on some target genes. To determine the biological effects of tRF-Leu-CAG, H1299 cells were transfected with tRF-Leu-CAG inhibitor and incubated for 48 hr. We then detected the protein levels of several target genes, and found that the expression of AURKA was significantly downregulated in H1299 cells transfected with tRF-Leu-CAG inhibitor (Figure 5a ).
| DISCUSSION
Modern science is currently experiencing a great abundance of research focused on the biological function of small noncoding RNAs (sncRNAs) in diseases. Our lab has discovered that miR-34a, miR-486-5p, miR-146-5p, miR-181a-5p, miR-137, and miR-32 play important roles in cancer progression. [4, [16] [17] [18] [19] [20] These findings verify that altered miRNA expression may be associated with the tumorigenesis of NSCLC. However, despite the achievement of many breakthroughs, the regulatory mechanism of most sncRNAs remains unknown, including that of tRFs. Although tRFs have been known and studied for more than 20 years, they were once thought of as a kind of miRNAs. Later, they were affirmed to be a type of cleavage product from tRNAs, different from miRNAs. At present, the research on tRFs is still very limited and their function still unknown. [12, 13] An increasing number of literature supports the existence of highly abundant miRNA-like tRNA fragments in a variety of cell types, [6, 12, [21] [22] [23] [24] [25] [26] however no conclusive evidence of their function has yet been shown. Our data demonstrated that tRF-Leu-CAG, while it has all of the structural and functional characteristics of a miRNA, is derived from the 5' end of two mature tRNAs. Additionally, like miRNAs, it can be achieved by reverse transcription and can also be detected by qRT-PCR. The expression of tRF-Leu-CAG was significantly upregulated in NSCLC tissues, cell lines, and sera, and showed a positive correlation with cancer stage. These results indicate the potential for tRFs as diagnostic markers in the near future. [27] In addition to the classical role of delivering amino acids to nascent peptide chains, tRNAs and tRFs also have the capacity to regulate a range of cellular processes, including translational efficiency under stress conditions, [28] mitochondrial-mediated apoptosis, [29] and oncogenic transformation. [30] The data herein demonstrated that tRFs can regulate biological progression in a sequence-specific, miRNA-like fashion, further extending the regulatory repertoire of tRFs, adding the ability to affect the proliferation and cell cycle of cancer cell lines. [31, 32] Interestingly, we also observed that tRF-Leu-CAG could regulate downstream target genes. When the expression of tRFLeu-CAG was knocked down, the expression of AURKA was also suppressed. Our previous studies showed that miR-137 and miR-32 could directly target AURKA and affect the progression of NSCLC. [18, 20] We then summarized that tRF-Leu-CAG could be involved in some signaling pathways through AURKA (Figure 5b ). However, we do not yet know whether or not the gene AURUK is direct target of tRF-Leu-CAG and tRF-Leu-CAG can interact with miR-137 or miR-32, which means microRNAs and tRFs should co-regulate gene expression in cell. We will focus on the interesting topic in the near future. Based on our results, we believe that a degradation process exists in tRNAs, and have named this process "tRNA degradation." And the results showed inhibition of tRF-Leu-CAG could suppress the lung cancer. We are also going to investigate the possibilities of drug development. Much remains to be elucidated regarding the biogenesis and function of tRFLeu-CAG and other tRF molecules. [33, 34] Further investigation will reveal the degree of tRF interaction with genes, with potentially far-reaching biological consequences. [35, 36] 
